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INTRODUCTION 
Growth is a characteristic of all living things. It is 
defined as the increase in mass of the body usually by adding 
new cells or increasing cell size. There are many well estab­
lished methods to detect annual or seasonal growth of fish, 
but there are few ways to assess short-term growth. 
The Iowa Cooperative Fishery Unit has attempted to study 
the effect of changes in water level on short-term growth. 
Keeton (1965) used the Stoeltzner method to determine growth 
of fish by using chemicals to stain recent growth regions on 
scales differently from old growth regions. This method was 
abandoned when recent growth regions on scales appeared even 
after starving the fish for five months. Keeton (1963) also 
used length-frequency distributions to determine growth of 
several species over short periods of time. This technique 
showed growth changes for only the smaller fish but was often 
not satisfactory because of sampling variances. 
Sutcliffe (1965) found that a measurement of ribonucleic 
acid (RNA) concentration might give an estimate of growth 
rate even when applied in gross analysis to a mixed popula­
tion such as plankton. Sutcliffe (1970) found a positive 
relationship between growth rate and RNA concentration for 
some arthopoda and microorganisms, and suggested such a 
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relationship might exist also for mammals„ The amount of 
deoxyribonucleic acid (DNA) is usually constant in cells. 
RNA is associated with protein synthesis and increases with 
growth of the tissue. Measurement of RNA should therefore 
give a measurement of growth* 
Bulow (1969) showed that changes in RNA/DNA ratios were 
related to growth (changes in length and weight of fish). 
His experiments were conducted in the laboratory where the 
fish were under controlled conditions. 
Tlie present study was done to show some of the seasonal 
variation In RNA, DNA, and RNA/DNA ratios in fish in their 
natural habitat, and also to determine whether this technique 
can be used to show growth changes in the field. Variability 
can be expected in the degree of growth in fish collected at 
one time and the variances within samples may be such as to 
make it difficult to measure differences between samples. 
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REVIEW OF LITERATURE 
DNA in Animals Other than Fish 
In general, DNA is constant in amount within a single 
diploid cell in a given species (Boivin et al., 1948) even 
from different cells of the same animal (Mirsky and Ris, 
1949)0 Schneider (1946) reported that different tissues have 
different DNA contents, but this is probably related to cell 
size in the different tissues. 
Synthesis of DNA and cell division take place rapidly at 
first but later slow down and eventually cease in many organs 
(Miller, 1969). Thus younger animals have higher DNA content 
than older ones in various organs as in mice heart ventricles 
(Peterson and Baserga, I965), in rat brain (Oja, I966), and 
in the larval stage of the mosquito (Lang et al., 19^5). DNA 
content normally does not change during secretion and synthe­
sis in pancreatic tissue (Daly and Mirsky, 1952). 
DNA content of rat liver was found to be independent of 
food intake or of protein depletion (Chou, 1970; Mandel et 
al., 1966; Vendrely, 1955). Patten (l970) found that total 
DNA content of rat liver appeared to be independent of nitro­
gen intake with feeding of between 3 and 6^ egg protein, but 
significantly increased with feeding of l8^ egg protein. 
In starvation, there is a decrease in the ratio of cyto­
plasm to nucleus which would Increase the DNA content of the 
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tissues, as demonstrated in liver cells (Mirsky and Ris, 
1949; Williams, I961) and rat spleen (Kenney et al,, I968), 
However, two days of fasting followed by two days of feeding 
did not change the hepatic DNA content of young male rats 
(Davidson, 19^9). 
Feeding rats Ofo egg protein was associated with a 
decrease in the DNA content of rat liver (Patten, 1970). 
Tsuji and Matsushita (1969) found pyridoxine-deficient mice 
showed a decrease in the DNA concentration of spleen and 
liver» Renal DNA concentrations were significantly decreased 
in rats fed 5.5^ protein ad libitum during gestation as com­
pared to those of control (Chou, 1970). Vitamin E deficiency 
in rabbits accelerated DNA turnover in the skeletal muscles 
(Young and Dinning, 1951). 
RNA in Animals Other than Pish 
RNA can be found in: 1„ nucleolus (nucleolar RNA); 
2. nucleus (nucleoplasmic RNA); and 3» cytoplasm (mito­
chondrial, ribosomal, and polyribosomal associated RNA) 
(Darnell, 1968). The appearance of RNA in the cytoplasm dur­
ing the protein synthesis is a phenomenon which is easily 
seen by means of the simple ultraviolet microscope (Gaspers-
son, 1950) or with light microscopy when stained with tolu-
dlnc blue (Suleiman, 1970), 
Animal tissues more related to protein synthesis (liver) 
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have higher RNA content than tissue such as the brain 
(Schneider, 1946). Mammalian tissue RNA concentration de­
clines with increase in species size (Daly and Mirsky, 1952; 
Munro and Gray, 19^9) or with age (Anima et al., 1966; Curtis, 
1963; Davidson, 1969; Davidson and Waymouth, 1944; Wlnick 
and Noble, 1965; Wulff and Freshman, 196I; and Young, 1970). 
Sutcllffe (1965) found the smallest (and fastest-growing) 
individuals had ten times the RNA concentration of the 
largest zooplankters. 
Protein depletion caused a decrease in the RNA content 
of different tissues: rat liver (Mandel et al., 1966; 
Vendrcly, 1955; Allison et al., 1962), rat muscle (Allison 
ct al. 196;.!), rat spleen (Kcnncy et al., I968), rat uterus 
(r-'liihur and Leathern, 1965), and rat kidney (Chou, 1970). 
Wannemacher et al, (1963) reported that RNA Is protected 
from enzymatic breakdown by the presence of amino acids, and 
that destruction of RNA resulting from a decrease in the 
amino acids pool was responsible for a slow rate of protein 
synthesis, 
RNA concentration was used as an index of protein synthe­
sis and growth in bacteria and mammalian tissue (Davidson, 
i960). In the moaquLto (Lang et al., 1965), and in some artho-
poda and niLcroorfVinlnms (Sutuliffc, 1970, I965; Holm-IIanaen 
ft a:i.„, 196^). 
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RNA/DNA In Animals Other than Fish 
Since DNA Is constant In normal diploid cells and RNA Is 
related to protein synthesis and growth, the ratio of RNA/DNA 
provides the average RNA per cell and a measure of protein 
synthesis per cell. 
Leick (1968) found that the RNA/DNA ratio is a linear 
function of the maximal growth rate in different microorgan­
isms. Ferrerl (1971) considered the ratio of total RNA/DNA 
of the mammary gland of the rat as an indication of protein 
synthesis. 
Liver, heart, and skeletal muscles show high RNA/DNA 
ratios; whereas, tissues such as spleen and thymus show low 
ratios (Wlnlck and Noble, 1965). Other changes of RNA/DNA 
ratios are dependent upon method of determination (Brawerman 
and Shapiro, 19^2); upon nutritional condition of rat liver 
(Peterson and Baserga, 1965; Banks et al., 1964), and of mus­
cles of rabbits (Young and Dinning, 1951), chicks (Robinson, 
1952), and sheep (Davidson and Waymouth, 1944); upon hormones 
of rats (Wlnlck and Noble, 1966), and of fowl (Common et al., 
1951); and upon age. 
Church and Robertson (1966) found the ratio of RNA/DNA 
of the mosquito reaches a maximum by 24 honrn after hatching 
from egg, declines to about half this value by 84 hours, and 
remains more or less constant thereafter. Geschwlnd and Li 
(1949) found that the RNA/DNA ratio of rat liver Increases 
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after birth to day 15 and eventually attains a higher level 
still by day 40, while Winick and Noble (1965) found that 
the ratio rose from day 4 to day 14 and thereafter remained 
constant. 
Nucleic Acid in Fish 
The interest in studying the nucleic acid in fish 
started when Meischer and his co-workers, 1895j found the 
sperm head of the Rhine salmon (Salmo salar) to be a good 
source of nuclear material for research purposes (Davidson, 
1968). Pollister and Mirsky (1946) worked on the nucleo-
protamine constituents of trout sperm, DNA of erthrocytes 
and sperm of some fish species was reported by Mirsky and 
Ris (1949). 
Hamoir (l951a, 1951b) failed to find DNA in carp muscle 
with the techniques he tried, but reported extraction of 
nucleotropomycin. In the same year a new dimension was 
given to the study of DNA when Mirsky and Ris related DNA per 
cell to fish evolution and found DNA to be fairly consistent 
within the different species of a family. Beith and Mandel 
(1953) showed a relation between DNA of vertebrates and their 
geological age. Later, in I963, Yoshio and his co-workers 
found that most species of salmonids in each genus are 
characterized by a relatively narrow range in the amount of 
DNA. 
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Detection of DMA In expressible fluid of codfish fillets 
was shown to be Indicative of cell rupture (Love, 1954, 1955a, 
1955b, 1957); RNA-P fluctuations followed those of DNA-P 
fairly closely In codfish fillets; and as the length of the 
fish Increased, the concentration of the DNA In the expressi­
ble fluid decreased, 
Bluhm and Tarr (1957) and Tarr (1958) gave RNA and DNA 
values for several species of ocean fish. Creelman and Tom-
llnson (1959) showed that during migration of sockeye salmon, 
a net decrease In RNA-P concentration and a net Increase In 
DNA-P concentration occurred In the whole fish in both sexes. 
Major losses in RNA were in the flesh, alimentary tract, and 
milt; while major gains in DNA were In the milt and roe. 
Immune bodies arc protein in nature and their production 
is related to DNA and RNA in the cell, Sorvachev and Medved-
klna (1964) found DNA and RNA from offspring of hyperimmu­
nized and unvaccinated carps (Cvprlnus carpio) did not differ 
significantly, but the DNA and RNA content in spleen and liver 
was found to be much higher in the former than in the latter. 
The level of DNA in the liver from Ophicephalus striatus 
did not change with administration of a growth hormone, but 
the level of RNA increased progressively even for 24 hours 
(Venugopalan, 1967). Tomllnson (1958) and Tarr (1964) iso­
lated enzymes related to DNA and RNA synthesis from several 
spccics of fish. 
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After Sutcllffe (1965, 1970) and Holm-Hanaen et al. 
(1968) related the nucleic acid concentration of inverte­
brates and microorganisms to growth rate, Bulow (1970, 1971) 
showed the relationship between changes in RNA/DNA ratio and 
recent growth of bluegills (Lepomis macrochirus) and golden 
shiners (Notemigonus crvsoleucas)» 
Upon feeding carp which had fasted nine months, an in­
crease in protein and RNA, but not DNA, was noted in liver 
tissue (Bouche et al., 1970). Giurca and Radulescu (l97l) 
investigated the monthly variation of RNA and DNA in gonads 
and pituitary of grass carp (Ctenopharvngodon idella). They 
found the ratio 1/10 between the quantity of DNA and of RNA; 
this ratio changed to 1/1 after the treatment with some 
pituitary gonadotropins belonging to other fish species. 
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MATERIALS AND METHODS 
One of the objectives uf this study was to apply the 
RNA-DNA technique to field conditions. Carpsuckers (Carpiodes 
sppo) were collected from two river systems„ Fish were col­
lected from the Des Moines River in the vicinity of the YMCA 
camp in Boone County, Iowa, in 1970 and 1971. The first 
sample of fish [two carp, three carpsuckers, and one goldfish 
(CarassluG auratus)1 was taken with hoop nets. The water 
l(!Vol war. hlf'ih and there was no attempt to try an electric 
shocker. From June to September, 1970, hoop nets and an elec­
tric shocker of 230-volt alternating current were used in col­
lecting samples. Baited hoop nets were not effective in tak­
ing carpsuckers during the sampling period, although baiting 
(old cheese) worked well for catfish. In 1971, hoop nets were 
used from April to October and the electric shocker from June 
to October. 
Carpsuckers were collected in the Skunk River, Story 
County, Iowa, mostly in the area north of Ames. An electric 
shocker and hoop nets were in use to collect fish during June, 
July, and August, 1970 and 1971, with sampling extended 
through September in 1971. Hoop nets were not good gear to 
use when the water level was low. 
All fish were identified as to species and sex, and then 
sacrificed on the spot. Total and standard lengths were taken 
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tu lli(; iicarciil rtil ;i :i Irriclor; only standard Icnctho arc; {'jlvon in 
thîa report. Weif.-;ht was recorded to the nearest gram for fish 
less than 500 g and to the nearest 0.1 ounce for fish more 
than 500 g. The latter weights were converted to grams. 
Three species of carpsuckers were identified in the 
catch from each of the rivers: river carpsucker. Carpiodes 
carpio (Raf.), quillback carpsucker, Ç» cvprinus (Lesueur), 
and high fin carpsucker, C_. velifer (Raf,). The river carp-
sucker was the most abundant species in the Des Moines River, 
but the least abundant in the Skunk River (Table l). 
Table 1„ Numbers of carpsuckers collected in the Skunk and 
Dos Moines rivers, 1970 and 1971 
River Quillback Highfin 
carpsucker carpsucker carpsucker 
Skunk River 
1970 53 70 77 
1971 15 36 45 
Des Moines River 
1970 188 4 8 
1971 122 12 13 
Muscle samples were taken aftei the skin was peeled above 
the lateral line from the anterior left side of the fish. For 
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small size fish, both sides or the wliolc skeletal muscles 
were needed. Muscle samples were stored in 2-dram capped 
glass vials and frozen immediately with dry ice. 
Identical numbers were used for the data in the notebook 
and the muscle samples. The frozen muscle samples from the 
field were transferred to a freezer in the laboratory until 
de fatting. 
Muscle tissues were selected for the analysis in this 
project for the following reasons: 
1. The tissue is easily collected in the field, 
2. Bulow (1971) found the anterior muscle tissue 
gave the second highest RNA/DNA ratios after 
liver. 
3. Body growth is probably best represented by 
muscle growth. 
The procedure for defatting was slower than the rate of 
collecting samples because the apparatus which was used had 
space for only 24 samples. The procedure for each batch took 
longer than two days. The steps for defatting muscle samples 
were the same as Bulow (1969) used except the samples were cut 
in small pieces, and the samples were kept In a desiccator for 
24 hours after air drying for 24 hours. 
Preparation of RNA and DNA standard stock solutions was 
done as Bulow (1969) described. The solutions were kept 
under refrigeration until needed. The procedure of Fiske and 
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Subbarow (1925) was followed to determine the total phosphorus 
content of standard stock solutions on a Bausch and Lomb spec-
tronlc-20 colorimeter. 
Preparation of reagents and solutions was done as Bulow 
(1969) described, except that the preparation of molybdate 
reagent I (acid) was prepared according to Ferrer! (1971). 
Determination of the Standard Curve 
Color development of the standard phosphate solution was 
carried out for four standards (5, 10, 15, 20 jjbg of phospho­
rus per ml) with a blank In five 100-ml volumetric flasks. 
The following procedures were applied; 
1. Add 5 ml of standard phosphate solution. 
2. Add 65 ml of distilled water. 
3. Add 10 ml of molybdate (acid) reagent. 
4. Add 4 ml of ANSA (amino-napthal-sulfonic acid 
reagent). 
5. Mix and then dilute to 100 ml-mark with dis­
tilled water, then mix again. 
6„ Let stand for 5 minutes and Immediately meas­
ure against a blank at 7OO m^. 
A blank Is prepared In exactly the same way, except that 
the 5 ml of standard phosphate Is replaced by another 5 ml of 
distilled water. The procedure was repeated several times. 
The average optical densities were used with the phosphorus 
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concentrations to make the standard curve. 
Determination of Nucleic Acid Phosphorus Content 
The procedure was identical for both RNA and DNA stand­
ard stock solutions. The blue color was measured against a 
blank at 700 m^. The phosphate standard curve gave the con­
centration of phosphorus in the nucleic acid standard stock 
solutions when compared to the optical density measured in 
nucleic acid solution. Dilution of nucleic acid standard 
stock solutions was then made with 5^ TCA (trichloroacetic 
acid). Standard curves for RNA-P (660 mjLk) and DNA-P (600 mj&) 
were determined with four different standards for each. 
Extraction of Total Nucleic Acid 
Nucleic acid was extracted from samples of dry, fat-free 
fish muscle powder by the method of Webb and Levy (l955) as 
described in Bulow's thesis (1969). 
Colorimetric Determination of RNA-P and DNA-P Contents 
Analysis of RNA-P content followed the orcinol methods 
of Lusena (1951) as described by Schneider (1957). DNA-P 
was determined using the Burton modification of dlphenylamlne 
reaction (Burton, 195b). 
Calculation 
Two standard curves were prepared, one for DNA-P stand­
ards and one for RNA-P standards. Orcinol reacts with DNA as 
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well as RNA although to a much lesser extent. Nevertheless, 
In each sample a correction must be made for the fraction of 
the total optical density measured which was due to the pres­
ence of DNA In the extract (Perreri, 1971). This is done as 
follows: 
1. A standard curve is prepared plotting the opti­
cal densities of the DNA standards against their 
concentrations. 
2. Having previously determined DNA by the diphenyl-
amine method, the amount of DNA present in each 
of the (l-ml) aliquots can be calculated. This 
means a separate calculation must be made for 
each sample. 
3. From the above standard curve it can be deter­
mined how much optical density will result from 
the amount of DNA in the aliquot. 
4. This calculated optical density due to DNA must 
be subtracted from the total optical density 
obtained from the spectrometer. The remaining 
optical density then is that due to the RNA 
present in the 0.5-ml aliquot (the corrected 
optical density). 
5. A standard curve Is made plotting optical densi­
ty of the RNA standard against concentration. 
6. Using this standard curve, the concentration of 
l6 
RNA In each sample can be determined from the 
corrccted optical density. 
7. All results were rounded to one digit after the 
decimal point. 
The results were reported as concentration of RNA-P and 
DNA-p. Concentration of RNA and DNA can be estimated by as­
suming that the phosphorus content of both RNA and DNA is ap­
proximately 10^ (Leslie, 1955). 
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RESULTS 
Variation in Batches 
Since it was recognized that it was impossible to proc­
ess all of the samples at the same time and there would there­
fore be some variation in techniques between batches, the 
samples were randomly assigned to batches. There were 29 
batches with an average of 22 samples in each. 
Mean RNA-P and DNA-P values for batches were signifi­
cantly different (O.Ol level) (Appendix, Table l). Only 9^ 
for DNA-P and 32^ for RNA-P of the variation was due to be­
tween batches. Batch numbers 1 to 19 included the 1970 col­
lections and averaged higher than those for the 1971 collec­
tions . 
Combined Data 
Data for each species, from each river, each year [Appen­
dix, Table 2 (al)-(a6)] show quite a bit of variation in RNA-P 
and DNA-P concentrations and in RNA/DNA ratios. Sometimes the 
trends are consistent with expected results and sometimes not. 
The data were combined in Table 2 and in three analyses of 
v.Mrlance (Table 3). Data for April, May, and October were 
excluded in the analyses of variance because of small sample 
size. 
The mean values for RNA-P, DNA-P, and RNA/DNA ratios 
were higher in 1970 than 1971 (Table 2) and the differences 
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were significant at the 0.01 level of confidence (Table 3). 
The RNA/DNA ratio changes from month to month about as 
might be expected, increasing from April to August and declin­
ing in September and October. The average ratio values were 
7.3, 9.4, 9.9, 12.5, 13.4, 10.4, 6.3 for the months. The F 
value for the months June through September was significant 
at the 0.01 level, and the t-test value for April and October 
against July and August was significant at the 0.01 level. 
The RNA values showed a similar trend except for the 
small May sample and the fact that the peak was in July rath­
er than August. The differences were significant at the 0.01 
level in the analysis of variance. 
The DNA values showed a significant difference between 
months, but the trend in the values is not readily explained. 
The mean values were quite similar for the Skunk and Des 
Moines rivers' fish. 
The highfin had higher average RNA-P and RNA/DNA ratio 
and lower average DNA-P than the river carpsucker with the 
quillback intermediate. The F values for DNA-P and for the 
ratio were significant at the 0.01 level. 
The females showed a little higher average RNA/DNA ratio 
and RNA-P values than the males, but the differences wer? not 
significant. The sex data were not included in the analyses 
of variance (Table 3) because sex was not determined for the 
immature fish. 
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The fish were grouped in 50-mm size groups. The mean 
RNA-P, DNA-P, and RNA/DNA ratio values decreased with the In­
crease in fish size. The differences of RNA-P and DNA-P val­
ues were significant at the 0.01 level. The two largest size 
groups had quite similar values. 
Table 2. Combined data for carpsuckers from Des Moines and 
Skunk rivers in 1970 and 1971 (mean ± standard 
deviations 
No, RNA-P DNA-P RNA/DNA 
Year 
1970 397 449.2 + 12.0 41.5 • 1.4 13.1 + 0.5 
1971 203 334.7 + 12.7 33.6 1.4 10.0 4- 0.6 
Month 
April 18 194.6 + 66.0 26.9 7.2 7.3 • 1.7 
May 10 415.0 260.0 49.0 + 37.8 9.4 + 3.4 
June 133 390.1 + 19.6 37.7 + 2.2 9.9 + 0.8 
July l8o 432.0 + 17.0 36.7 1.9 12.5 0.7 
August 193 382.5 + 15.3 29.7 + 1.7 13.4 0.7 
September 94 363.4 + 18.3 46.0 + 2.1 10.4 0.8 
October 15 193.3 + 18.0 32.1 + 6.8 6.3 + 1.3 
River 
Skunk 296 395.4 + 12.0 36.2 1.4 11.8 + 0.5 
Des Moines 304 388.5 + 17.6 38.9 2.0 11.3 + 0.8 
Species 
l4l 416.2 18.0 0.8 Highfin + 32.9 + 2.0 13.0 + 
Quillback 121 382.8 + 20.1 38.9 + 2.3 11.1 + 0.9 
River c. 33H 376.9 f 13.2 40.9 1.5 10.5 + 0.6 
Sux 
Undot(;rminod WW 494.0 + l6„B 47.6 1.9 12.4 + 0.7 
Male 21H 339.7 + 15.3 32.6 + 1.7 10.7 + 0.7 
Female 2^4 342.3 11.0 32.4 1.2 11.5 + 0.5 
O j. /j 
<100 41 582.6 * 38.9 44.3 + 4.1 14.2 * 1.8 
100-149 97 448.9 + 15.2 37.4 + 1.6 12.9 + 0.7 
150-199 243 371.0 + 12.7 34.5 + 1.3 11.2 + 0.6 
200-249 134 306.8 + 14.3 31.3 + 1.5 10.9 + 0.6 
>250 85 300.5 + 28.4 32.0 +• 3.0 10.4 + 1.3 
Table 3. Analysis of variance tables for RNA-P, DNA-P, and RNA-P/DNA-P values : 
carpsuckers from Des Moines and Skunk rivers in 1970 and 1971 (data fcr 
AprilJ May, and October excluded) 
RNA -P DNA -P RNA/c:;; 
Source D.F. M.S. F. M.S. F. M.S. 
- • 
Year 1 760784.5 54.3** 1570.2 10.3** 773.7 = - ** • . C •-
Month 3 55964.1 4.0** 2055.0 13.5^* 162.9 5.7** 
River 1 2206006 1,6 • - 78.7 0.5 12.2 tv 0 -r 
Species 2 25091.2 1.8 1947.8 12.8** 174.2 
Size 4 312339.4 22.3** 612.6 4.0** 65.4 2 . 3  
Month X River 3 4182.2 0 . 3  517.7 3.4** 16.2 O.c 
Month X Species 6 22691.4 1.6 202.5 1.3 - 24.8 G . S  
Month X Size 12 26210.4 1.9** 1841.2 12.1** 54.3 1.9** 
River x Species 2 5139.3 0 . 4  .  - 139.2 0 . 9  16.9 0.6 
River X Size 4 2237.6 0.2 224.2 1.5 50.3 1 . 3  
Species x Size 8 11992.7 0.9 797.0 5.2** 4 7 . 3  1.7 
Remainder 552 14008.8 152.5 • - 28.6 
**Significant at the 0.01 level. 
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Interactions of month x size for RNA-P, DNA-P, and RNA/ 
DNA values, and DNA-P values of species x size were signifi­
cant at the 0.01 level (Table 3). 
Correlation between Water Discharge and Nucleic Acid 
Data from 600 fish were used to test the correlation be­
tween RNA-P, DNA-P, and RNA/DNA ratio values and the water 
discharge. The April, May, and October data were not included. 
Water discharge data were secured from the U.S. Department of 
the Interior, Geological Survey (1970); records for the Des 
Moines River were taken from water-stage recorder near Strat­
ford, Iowa, and data for the Skunk River were taken from 
water-stage recorder from the South Skunk River near Ames, 
Iowa. The 1971 data were provided by S. W. Wiitala, District 
Chief, Geological Survey, Iowa City, Iowa. Water discharge 
data represent changes in volume of flow and of water levels, 
both of v/hicl, may affect feeding and activity of the fish. 
The correlations between water discharge and RNA-P, DNA-
P and RNA/DNA ratio values were negative. 
River No. RNA-P DNA-P RNA/DNA 
Skunk 296 -0.008 -0.012 -0.054 
Des Moines 304 -0.168 -0.061 -0.135 
The relationship was significant only for RNA-P (O.Ol level) 
and RNA/DNA (0.05 level) for fish from the Des Moines River. 
There was an increase in RNA-P, DNA-P, and RNA/DNA ratio 
values with a decrease In water discharge. The relationships 
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between water discharge and the RNA/DNA ratio for the carp-
auckera in 1970 and 1971 for each river are shown in graphs 
(figures 1, 2, 3, and 4). 
In the Skunk River the ratio went up from June to August 
in 1970 (Figure l), but in 1971 the ratios were considerably 
lower in July when water levels were high (Figure 2). In the 
Des Moines River in 1970 (Figure 3) the ratios increased from 
June to August as the water levels declined, but in 1971 (Fig­
ure 4) the August ratios dropped when the water levels dropped. 
Mean monthly water temperatures (°C) in the Des Moines River, 
near Boone, Iowa, may help in explaining the growth differ­
ences [U.S. Department of the Interior, Geological Survey 
(1970); S. W. Wiitala, District Chief, Geological Survey, 
Iowa City, Iowa]. 
April May June July Aug. Sept. Oct. 
1970 12.7 20.0 25.2 29.2 28.1 24.6 16.5 
1971 16.6 19.3 28.8 27.0 27.4 28.1 — — — — 
Temperatures were higher in June and in September in 
1971 and the RNA/DNA ratios of the river carpsuckers were 
only slightly lower than in July and August. In 1970 the 
ratios were higher in July and August than in June and Sep­
tember when temperatures were lower. 
Figure 1. Monthly means of RNA/DNA ratios for three 
species of carpsuckers and of water dis­
charge (ft^/sec) In the Skunk River, 1970 
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Figure 2. Monthly means of RNA/DNA ratios for three 
species of carpsuckers and of water dis­
charge (ft^/sec) in the Skunk River, 1971 
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Figure 3. Monthly means of RNA/DNA ratios for three 
species of carpsuckers and of water dis­
charge (ft^/sec) In the Des Moines River, 
1970. 
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Figure 4. Monthly means of RNA/DNA ratios for three 
species of carpsuckers and of water dis­
charge (ft^/sec) in the Des Moines River, 
1971 
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Experiment in Starvation of Carpsuckers 
Two groups of carpsuckers were retained without food to 
determine the effect that starvation would have on the RNA-P, 
DNA-P, and RNA/DNA ratios, Bulow (l970) found that golden 
shiners deprived of food for l4 days did not change in length 
but steadily lost weight. RNA/DNA ratios dropped rapidly due 
primarily to decreases in RNA concentration. DNA concentra­
tion, however, increased with greater weight loss and longer 
periods of food deprivation. 
Carpsuckers, collected with the electric shocker from 
the Des Moines and Skunk rivers, were brought alive to the 
laboratory in covered tubs or sealed plastic bags with an 
oxygen supply. Crushed ice was used with the.fish collected 
from the Des Moines River to prevent the water temperature 
from going too high during the transportation. The fish 
then were placed in tanks supplied with tap water and air 
bubbles. A window-screen cover on top of the tanks reduced 
the amount of foreign materials that might drop in. Walls 
of the tanks were scrubbed at Intervals to stop the build 
up of algae which might serve as food for the fish. Waste 
materials were siphoned off several times during the experi­
ment . 
Muscle samples were taken on the day fish were put in 
and at intervals thereafter. The samples were treated and 
analysed in the same way as were the other muscle samples. 
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Fish were taken with ease with a net to lessen the stress 
from handling which might affect the fish. 
The mean RNA/DNA ratio for starved fish from the Des 
Moines River decreased for the first seven samples and In­
creased on the last date [Figure 5; Appendix, Table 3 (al)]. 
The increase shown by the last sample cannot be explained. 
Possibly since there were only four fish in the tank, they 
were able to get sufficient nourishment to grow. The RNA 
values were irregularly changed, while the mean DNA values 
had stayed stable for the first five samples and increased 
later. 
The mean RNA-P values and the RNA/DNA ratios for starved 
fish from the Skunk River decreased progressively. The mean 
DNA-P values stayed stable for the first five samples and in­
creased for the last one,[Figure 6j Appendix, Table 3 (a2)]. 
Figure 5. RNA-P, DNA-P, and RNA/DNA ratio values during 
an experiment in starvation of carpsuckers 
collected from the Des Moines River, 1971 
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Figure 6. RNA-P, DNA-P, and RNA/DNA ratio values during 
an experiment in starvation of carpsuckers 
collected from the Skunk River, 1971 
3Ô 
450r 
400 
z 300 
200 
100 
50 
I I • 0' J 1 U-J 1 1 1 1 I I L X X 1 I 1 
JUNE JULY AUG 
37 
DISCUSSION 
The mean RNA (350-450) and DNA (33"41) values for carp-
suckers were higher than those reported for bluegllls (RNA 
250-300, DNA 12-13.5) by Bulow (1969), while the mean RNA/DNA 
ratios (1O-I3) were lower than for the bluegllls (19-24). 
Bulow (1969) reported mean RNA values for golden shiner which 
were similar to this study, but DNA values (75-80) were high­
er so that the ratios (3.5-5.7) were lower than this study. 
Bulow (1969) found his RNA and DNA concentrations within the 
ranges reported for mammalian skeletal muscle by Leslie 
(1955). On the basis of the DNA per 100 mg, the golden shin­
er has the smallest cell size and the bluegill, the largest 
cell size, with the carpsuckers intermediate, even though the 
chromosome number per cell of catostomids is double that of 
cyprinids (Oyeno and Smith, 1972) or bluegill (Roberts, 1967). 
Among the three carpsuckers, the highfin seems to have larger 
cells and a higher average RNA/DNA ratio. 
DNA values remain fairly stable in the cell, but the DNA 
concentration per weight of tissue increases when cell size 
decreases with cell division or during starvation. The DNA 
component is the last to be broken down in the cell, while 
other parts of the cytoplasm are used as soon as there is 
an extra need for them as in the case of starvation or of 
disease. As the cytoplasm decreases in the cell, the per­
centage of the DNA material will increase. DNA values 
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reached ll6, 120, l6o, and 177 during the starvation experi­
ment [Appendix, Table 3 (al) and 3 (a2)]. 
The variations in concentrations of RNA and DNA and in 
RNA/DNA ratios within samples were fairly large and make 
interpretation rather difficult. However, some trends and 
differences between samples were detected which could be 
related to changes in environmental factors. Brawerman and 
Shapiro (1962) found it difficult to arrive at a meaningful 
comparison of the RNA content in cells of different species 
on account of the wide variation in the estimates reported 
from different laboratories. 
The RNA/DNA ratio indicates the RNA per cell or the 
ability of a cell to produce protein. The RNA/DNA ratio is 
a variable which depends on the values of RNA and DNA, so 
any changes in the latter two values will show up on the 
former. Analysis of variance for differences between batches 
showed that there was 32^ for RNA and 9^ for DNA of the vari­
ation due to between batches. Orclnol was used in the color-
imetrlc determination of RNA-P content. Orclnol reacted main­
ly with RNA-P and to the least extent with DNA-P. RNA-P 
value was calculated by subtracting the fraction of optical 
density from DNA-P present in each sample from the total 
optical density. Errors in estimating DNA-P values would 
have a double effect on RNA/DNA ratios because of the calcu­
lation of RNA-P and division by DNA-P. Despite these 
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problems RNA/DNA ratios were assumed to be better than RNA 
when comparing different species since they measure the RNA 
per cell. 
The RNA, DNA, and RNA/DNA ratio values of males and 
females were similar enough that no tests of significance 
were needed (Table 2). 
The mean nucleic acid values were significantly differ­
ent for 1970 from 1971 which might be due to technique dif­
ferences in the batches and to environmental factors such as 
temperature and water levels. 
Fish In their natural habitat would be expected to show 
the following trend in RNA values during seasons. During the 
freezing season, the activity and growth of the fish will be 
low. The fish become more active when water temperature in­
creases and food is available. RNA per cell Is expected to 
Increase as the growth rate Increases. The mean RNA value 
was a low 194.6 during April and increased progressively 
through July to 432.0 and decreased later to 193.3 through 
October. In May, the RNA value was 415, higher than in June, 
which may indicate good growth during that month or may be 
due to the small size of the sample. 
Smaller size fish, less than 100 mm standard length, 
had higher RNA (582.6), DNA (44.3), and RNA/DNA ratio (l4.2) 
than RNA (300.5), DNA (32.0), and RNA/DNA ratio (10.4) 
values of fish more than 250 mm standard length (Table 2). 
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Variations between mean RNA and DNA values for small and 
large fish were significant, but the RNA/DNA ratio showed 
that production of protein per cell of the two different 
size groups was not significantly different. Sometimes 
smaller fish had higher RNA and DNA values than other size 
groups, but the resulting ratio was lower [Appendix, Table 
2 (al), 2 (a3), 2 (a6)]. 
The correlation between water discharge and RNA-P and 
RNA/DNA ratio values for the Des Moines River was negative 
and significant (O.Ol and 0.05 level, respectively). A signi­
ficant negative correlation was found between growth of age I 
river carpsuckers and water level in I961, in the Des Moines 
River, which indicated growth was faster when water levels 
were low (Keeton, 1963). High water levels may cause a de­
crease in the amount of food avialable for the fish and a 
subsequent decrease in growth. The value of the correlation 
was not very high because some of the RNA/DNA ratios de­
creased with further decrease in water level and because of 
the reduction in the living space and the increase of compe­
tition with other species. 
During starvation, the body uses protein last to main­
tain necessary activities and to replace vital tissues. The 
protein production then will decrease when there is no food 
intake. The experiment in starvation of carpsuckers showed 
irregular changes in RNA, for fish from the Des Moines River, 
4l 
from 451.0 to 233.0 while the RNA/DNA ratio declined regularly 
from 13.7 to 2.2 for the seven first samples and increased 
sharply for the last sample, which is hard to explain. 
Starved carpsuckers from the Skunk River showed changes in 
RNA from 424.0 to 236.0 and for the RNA/DNA ratio from I6.3 
to 2.0 with prolonged time. The mean RNA/DNA ratios did not 
drop until after three weeks of starvation (Des Moines River 
experiment) or after five weeks (Skunk River). This was a 
slower response than Bulow (19^9) reported for bluegill. 
There were no samples from the winter months and the 
sampling for spring and fall was inadequate for describing 
the changes which take place during the seasons. Winter 
samples would be valuable to indicate how low the RNA-P and 
the RNA/DNA ratio drop in comparison to the starvation stud­
ies. The spring and fall samples are needed to more accu­
rately describe the growing season and to compare its length 
in different years. 
Bulow (1969) suggested that if ranges of RNA/DNA ratios 
at slow and fast growing periods were established by previous 
experimentation, then it could possibly be used to assess 
growth rate occuring at a given time and would not necessar­
ily require periodic measurement to compare levels and detect 
changes. 
Mean RNA/DNA ratios for starved carpsuckers in the labo­
ratory reached 2.2 for one group and 2.0 for the other. The 
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highest monthly mean RNA/DNA ratio was 13.4, In August. Only 
9.9^ of the ratios measured for carpsuckers In the field were 
under 6.0 (Appendix, Table 4) and 17.9^ were over 16.O. These 
points seemed to be dividing lines Indicating poor growth and 
very good growth with most of the ratios being between 6 and 
16.  
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SUMMARY 
Mean RNA-P, DNA-P, and RNA/DNA ratio values for 1970 
were higher than those of 1971. 
Mean RNA/DNA ratio values increased from April (7.3) 
to August (13.4) and declined through October (6.3). 
Mean RNA-P values reached their peak in July. 
DNA-P values showed a significant difference between 
months at the 0.01 level. 
The highfin had lower DNA and higher RNA/DNA ratios 
than the other two carpsuckers. 
Males and females showed similar values of the nucleic 
acids. 
The mean RNA-P, DNA-P, and RNA/DNA ratio values for 
different size groups of fish decreased with the in­
crease in fish size. 
There was a signiricanfc negative correlation between 
water discharge and RNA-P and RNA/DNA ratio values for 
fish from the Des Moines River. 
The RNA-P and RNA/DNA values declined as carpsuckers 
were starved for over two months. 
Monthly mean RNA/DNA ratio values ranged from 6.3 to 
13.4 in 1970 and 1971. Low ratios Indicate periods of 
little growth. 
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Table 1. Variation in batches 
Batch no. No. of fish Mean RNA-P Mean DNA-P 
1 3 765.0 97.9 
2 12 445.7 36.7 
3 17 246.8 40.8 
4 13 456.2 49.9 
5 16 432.1 47.2 
6 24 295.6 35.8 
7 19 518.9 44.0 
8 15 500.7 46.7 
9 25 450.3 37.4 
10 28 387.0 35.6 
11 - 27 396.3 43.0 
12 31 342.5 35.3 
13 25 365.7 32.7 
l4 21 358.7 45.8 
15 25 511.2 33.6 
l6 25 495.0 31.3 
17 25 559.8 30.4 
18 26 361.6 40.8 
19 20 524.0 28.4 
20 11 310.4 26.7 
21 12 299.3 26.8 
22 14 303.9 22.5 
23 17 278.7 25.2 
24 33 320.4 30.2 
25 34 335.0 51.3 
26 35 364.3 30.6 
27 32 262.9 33.5 
28 35 340.1 35.3 
29 28 286.9 36.2 
Table 2 (al), RNA-P and DNA-P i^ g per 100 mg dry, fat-free tissue) and RNA-P/DNA-P 
values for quilloack carpsucker from Skunk River 
Date 
Standard 
length 
(mm) No. 
RNA-P 
Range Average 
DNA 
Range 
.-P 
Average 
RNA-P/DNA-P 
Range Average 
1970 
June 
101-200 10 352-550 459.4 32.9-63.7 47.2 6.3-15.0 10.3 
201-300 7 308-680 502.5 38.3-48.7 43.5 7.1-15.4 11.5 
Combined 17 308-680 477.1 32.9-63.7 45.7 6.3-15.4 10.8 
101-200 
M 3 498-546 517.3 36.3-61.0 48.7 9.0-15.0 10.8 
F 6 352-488 415.3 32.9-56.2 43.7 6.3-13.9 9.7 
201-300 
11.8 M 3 420-634 512.0 38.3-48.7 43.4 9.7-13.0 
F 2 308-364 336.0 42.4-43.2 42.8 7.1- 8.6 7.9 
July 
8.5-28.7 14.8 101-200 4 350-708 522.5 24.7-53.5 40.1 
201-300 7 202-490 332.0 21.2-45.8 28.4 4.4-18.9 11.5 
Combined 11 202-708 401.3 21.2-53.5 32.7 4.4-28.7 12.7 
101-200 
10.5-28.7 M 2 350-708 529.0 24.7-33.5 29.1 19.6 
F 2 410-622 516.0 48.5-53.5 51.0 8.5-11.5 10.0 
201-300 
24.4 M 2 278-376 327.0 24.0-24.7 11.6-15.2 13.4 
F 5 202-490 334.0 21.2-45.8 30.1 4.4-18.8 10.8 
Table 2 (al) (Continued) 
Date 
Standard 
length 
(mm) No. 
RNA 
Range 
.-P 
Average 
DNA 
Range 
-P 
Average 
RNA-P/DNA-P 
Range Average 
1970 
August 
667.5 28.0-49.5 063-100 4 564-928 37.2 11.9-28.8 19.1 
101-200 16 218-760 534.5 20.5-45.2 33.6 6.5-36.7 16.7 
201-300 20 206-646 357.5 15.7-41.8 24.6 6.9-42.3 15.0 
301-400 2 240-250 245.0 18.5-18.6 18.6 12.9-13.5 13.2 
Combined 42 206-928 426.8 15.7-49.5 28.1 6,5-42.3 16.2 
101-200 
6.5-1606 M 6 218-500 402.0 20.5-45.2 35.1 13.5 
F 7 506-760 600.9 18.5-43.0 33.5 13.1-36.7 18.5 
201-300 
12.8 M 2 280-288 284.0 21.2-23.3 22.3 12.0-13.6 
F 18 206-646 343.4 15.7-41.8 24.9 6.9-42.9 15.2 
1971 
June 
201-300 1 360.0 30.0 12.0 
July 
216-312 23.3-32.8 101-200 5 259.6 27.9 7.1-13.4 
201-300 3 318-370 338.6 23.3-35.0 29.4 9.4-13.6 11.8 
Combined 8 216-370 289.3 23.3-35.0 28.5 7.1-13.6 10.4 
Table 2 (al) (Continued) 
Date 
Standard 
length 
(rnm) No. 
rn^ A 
Range 
-P 
Average 
DNA 
Range 
-P 
Average 
RNA-P/DNA-P 
Range Average 
1971 
August 
230-316 26.6-27.5 8.4-11.9 101-200 2 273.0 27.1 10.2 
201-300 5 168-298 251.6 13.6-34.3 23.9 7.5-12.4 11.1 
Combined 7 168-316 257.7 13.6-34.3 24.8 7.5-12.4 10.8 
201-300 
M 2 168-256 212.0 13.6-34.3 23.9 7.5-12.4 10.0 
F 3 246-298 278.0 19.9-28.1 23.8 10.3-15.0 11.5 
September 
294-434 74.0-90.0 83.3 077-100 3 350.0 3.3- 5.0 4.2 
101-200 11 258-500 347.1 30.8-45.2 40,1 6,6-15.3 §'7 
201-300 6 184-310 227.6 24.0-32,9 28.2 6.8- 9.8 8.1 
Combined 20 184-500 311.7 24.0-90.0 43.1 3.3-15.3 7.9 
101-200 
39.8 M 5 258-500 418.4 30.8-45.2 7.2-15.3 10.5 
F 5 216-290 265.6 32.9-46.7 40.3 6.1- 7.1 6.6 
201-300 
24.0-26.7 M 3 184-220 201.3 25.3 7.1- 9.2 7.9 
F 3 226-310 254.0 28.2-32.9 30.8 6,9- 9.8 8.2 
Table 2 (a2). RNA-P and DNA-P l'^g per 100 mg dry, fat -free tissue) and RNA-P/DNA-P 
values for quillback carpsucker from Des Moines River 
Date 
Standard 
length 
(mm) NOo 
RNA 
Range 
-P 
Average 
DNA 
Range 
-P 
Average 
RNA -P/DNA -P 
Range Average 
1970 
June 
201-300 1 206.0 51.5 4.0 
July 
264.0 201-300 1 37.6 7.0 
August 
276-400 338.0 20.5-36.8 201-300 2 28.7 7.5-19.5 13.5 
1971 
July 
38.4 079-100 1 592.0 
26.0-50.7 
15.4 
101-200 2 280-484 382.0 38.3 9.5-10.8 10.2 
201-300 1 316.0 19.9 15.9 
Combined 4 280-592 413.0 19.9-50.7 33.8 9.5-15.9 12.9 
August 
244-366 8.0-16.3 101-200 2 305.0 1500-45.9 30.5 12.2 
201-300 1 174.0 23.2 
7.5-16.3 
7.5 
Combined 3 174-366 261,3 15.0-45.9 28.0 10.6 
September 
236-282 18.5-45.0 6.3-13.0 101-200 4 259.0 29.7 9.5 
101-200 
8.0 M 1 236.0 29.5 
F 3 240-282 266.7 18.5-45.0 29.6 6.3-13.0 10.0 
Table 2 (a2) (Continued) 
Date 
Standard 
length 
(mm) No. 
1ÎNA-P 
Range Average 
DNA-P 
Range Average 
RNA-P/DNA-P 
Range Average 
1971 
October 
201-300 1 214.0 33.6 6.4 
Table 2 (a3)o RNA-P and DNA-P per 100 mg dry, fat-free tissue) and RNA-P/DNA-P 
values for highfin carpsucker from Skunk River 
Standard 
length RNA-P DNA-P RNA-P/DNA-P 
Date (mm) No. Range Average Range Average Range Average 
1970 
June 
101-200 5 252-606 423.6 32,8- 37.6 34.4 7.4-16.1 12.2 
101-200 
M 2 252-324 288.0 33.5- 34.2 33.8 7.4- 9.7 8.6 
F 3 410-606 514.0 32.8- 37.6 34.8 12.5-16.1 14.7 
Table 2 (a3) (Continued) 
Standard 
length RNA-P DNA-P RNA-P/DNA-P 
Date (mm) No, Range Average Range Average Range Average 
1970 
July 
26.0-101-200 20 290-730 502.1 54.1 39.3 7.1-24.0 13.3 
201-300 13 302 -592 438.1 18.5- 60.3 30.6 9.2-28.0 16.2 
Combined 33 290-592 476.9 18.5- 60.3 35.9 7.1-28.0 14.5 
101-200 
M 14 290-730 478.0 26.0- 54.1 39.9 7.1-20.9 12.3 
F 4 524-708 565.0 27.4- 41.8 34.8 12.9-24.0 17.2 
201-300 
M 4 302-464 389.5 19.9- 42.5 36.0 9.2-20.2 13.6 
F 8 350-534 443.2 18.5- 46.6 26.8 10.7-28.0 18.3 
August 
266-716 48.0 101-200 34 385.8 14.4- 29.2 6.0-31.5 13.9 
201-300 5 256-530 386.0 14.4- 35.7 25.6 10.1-29.8 17.2 
Combined 39 256-716 385.9 14.4- 48.0 28.8 6.0-31.5 14.3 
101-200 
14.7 M 17 204-716 400.7 14.4- 37.0 29.0 6.0-31.5 
F 17 266-516 371.1 22.6- 48.0 29.4 8.9-22.9 13.1 
1971 
June 
16.4 101-200 5 316-646 440.0 23.4- 30.7 26.8 12.4-21.7 
201-300 1 408.0 19.9 20.5 
Combined 6 316-646 434.7 19.9- 30.7 25.7 1^ .4-21.7 17.0 
Table 2 (a3) (Continued) 
Standard 
length mA-P DNA-P RNA-P/DNA-P 
Date (mm) No. Range Average Range Average Range Average 
1971 
July 
101-200 2 186-310 258.0 24.6- 28.9 26.8 7.6-10.7 9.2 
101-200 
M 1 310.0 28.9 10.7 
F 1 186.0 24.6 7.6 
August 
180-552 46.5 5.8-20.1 10.8 101-200 13 302.6 19.9- 29.2 
201-300 3 266-296 277.3 18.6- 31.5 25.8 9.4-14.5 11.2 
Combined 16 180-552 297.9 18.6- 46.5 28.6 5.8-20.1 10.9 
101-200 
M 8 180-552 319.2 24.0- 37.0 29.4 7.5-20.1 10.9 
F 5 208-318 276.0 19.9- 46.5 28.9 5.8-16.0 10.7 
September 
382-766 48.6-106.0 071-100 4 502.5 71.9 3.7-10.2 7.5 
101-200 14 200-470 312.7 22.0- 55.5 36.1 4.1-21.2 9.6 
201-300 3 180-280 223.3 17.8- 33.0 24.2 5.5-15.7 10.3 
Combined 21 180-766 336.1 17.8-106.0 41.2 3.7-21.2 9.3 
101-200 
M 2 206-230 218.0 37.0-• 55.5 46.2 4.1- 5.6 
F 4 200-352 274.5 22.0- 36.4 27.9 9.1-10.5 9.8 
Table 2 (a4)^ RNA-P and DNA-P per 100 mg dry, fat-free tissue) and RNA-P/DNA-P 
values for hlghfln carpsucker from Des Moines River 
Date 
1970 
June 
August 
1971 
April 
June 
July 
Standard 
length 
(mm) No, 
RNA-P 
Range Average 
101-200 5 
201-300 2 
Combined 7 
101-200 
M 
F 
101-200 
201-300 
101-200 
201-300 
Combined 
1 
2 
2 
2 
4 
198-634 
250-292 
198-634 
198-552 
394-492 
208-316 
208-492 
468.0 
271.0 
411.7 
630.0 
375.0 
634.0 
140.0 
443.0 
262.0 
352.5 
DNA-P 
Range Average 
22.6-45.9 
49.4-57.5 
22.6-57.5 
22.6-34.2 
26.0-30.1 
24.7-27.5 
24.7-30.1 
35.5 
53.5 
40.6 
45.9 
28.4 
30.8 
15.8 
28.1 
26.1 
27.1 
RNA-P/DNA-P 
Range Average 
5.8-24.4 
5.1- 5.1 
5.1-24.4 
5.8-24.4 
101-200 2 426-578 502.0 22.2-37.0 29.6 
13.1-18.9 
8.4-11.5 
8.4-18.9 
15.6-19.2 
14.3 
5.1 
11.7 
13.7 
15.1 
20.6 
8.9 
16.0 
10.0 
13.0 
17.4 
M 
Table 2 (a4) (Continued) 
Standard 
length RNA-P DNA-P KNA-P/DNA-P 
Date (mm) No, Range Average Range Average Range Average 
1971 
August 
September 
October 
096-100 
101-200 
Combined 
094-100 
101-200 
201-300 
Combined 
101-200 
1 
1 
2 
1 
1 
1 
3 
234^ 596 
202-4l4 
598.0 
234.0 
416.0 
414.0 
236.0 
202.0 
284.0 
210.0 
26.0-25.4 
27.5-41.0 
26.0 
25.4 
25.7 
29.5 
41.0 
27.5 
32.2 
30.7 
9.2-23,0 
5.8-14.0 
23.0 
liil 
14.0 
5.8 
7.3 
9.0 
6.8 
Table 2 (a5)o RNA-P and DNA-P par 100 mg dry, fat-free tissue) and RNA-P/DNA-P 
values for river carpsucker from Skunk River 
Date 
Standard 
length 
(mm) No, 
RNA-P 
Range Average 
DNA-P 
Range Average 
RNA-P/DNA-P 
Range Average 
1970 
June 
July 
August 
101-200 9 330-764 498.7 30.0-51.4 42.3 7.0-17.0 12,0 
201-300 16 162-490 327.4 28,7-58.1 37.5 4,9-16.0 9.1 
301-400 1 180.0 35.0 5.1 
Combined 26 162-764 381.0 28.7-58.1 39.1 4.9-17.0 9.9 
201-300 
M 8 200-490 326.8 28.7-41.0 35.4 4.9-16,0 9.6 
F 7 162-422 319.1 29.5-44.5 38.4 4.5-12.4 8.5 
101-200 4 250-654 474.0 30.8-40.5 35.8 8.1-17.4 13.1 
201-300 11 254-628 409.1 13.6-61.0 31.5 7.1-27.2 15.2 
Combined 15 250-654 426.4 13.6-61.0 32.6 7.1-27.2 14,7 
101-200 
M 3 250-530 414.0 30.8-40.5 35.2 8.1-15.5 11.7 
F 1 654.0 37.5 17.4 
201-300 
18.5-61.0 7.1-21.8 M 5 344-480 392.8 34.0 13.7 
F 6 254-628 422.7 13.6-53.5 29.4 9.5-27.2 16.6 
201-300 12 166-528 334.8 16.5-34,3 24.6 5.3-32.0 15.4 
Table 2 (a5) (Continued) 
Standard 
length IINA-P DNA-P RNA-P/DNA-P 
Date (mm) No. Range Average Range Average Range Average 
1970 
August 
201-300 
M 
F 
1971 
June 
201-300 
July 
201-300 
201-300 
M 
F 
August 
201-300 
201-300 
M 
F 
September 
201-300 
4 166-416 309.0 
8 220-528 347.8 
1 280.0 
6 160-326 215.0 
1 276.0 
5 160-326 202.8 
5 174-220 201.2 
2 202-206 204.0 
3 174-220 199.3 
3 168-360 264.0 
17.0-34.2 26.2 
16.5-34.3 23.8 
32.9 
26.0-32.8 28.6 
32.8 
26.0-30.1 27.6 
17.0-22.2 19.9 
21.9-22.2 22.1 
17.0-19.2 18.5 
29.5-33.5 31.3 
5.3-18.9 13.1 
8. 4-32.0 16.6 
8.5 
6.2-11.6 8.1 
8.4 
6.2-11.6 8.0 
9.1-12.0 10.2 
9.1- -9.4 9.3 
9.1-12.0 10.9 
5.7-12.0 8.5 
Table 2 (a5) (Continued) 
Date 
Standard 
length 
(mm) No. 
RNA-P 
Range Average 
DNA-P 
Range Average 
RNA-P/DNA-P 
Range Average 
1971 
September 
201-300 
M 
F 
2 
1 
168-360 264.0 
264.0 
29.5-30.1 29.8 
33.5 
5.7-12.0 8.9 
7.9 
Table 2 (a6)« RNA-P and DNA-P ùuLg per 100 
values for river Varpsucker 
mg dry, fat-free tissue) and RNA-P/DNA-P 
from Des Moines River 
Date 
Standard 
length 
(mm) No-. 
RNA-P 
Range Average 
DNA-P 
Range Average 
RNA-P/DNA-P 
Range Average 
1970 
May 
June 
101-200 
085-100 
101-200 
3 
1 
26 
652-890 765.3 
554.0 
232-670 470.7 
58.6-125.0 97.9 
43.0 
22.5- 61.0 41.7 
6.9-11.1 
6.7-17.8 
8.4 
12.9 
11,7 
Table 2 (a6) (Continued) 
Date 
Standard 
length 
(mm) No. 
IINA 
Range 
-P 
Average 
DNA 
Range 
-P 
Average 
RNA-P/DNA-P 
Range Average 
1970 
June 
201-300 27 160-758 329.5 19.8-111.0 48.2 2.7-16.4 7.2 
Combined 54 160-758 401.6 19.8-111.0 45.0 2.7-17.8 9.5 
101"200 
M 6 306-604 454.3 22.5- 56.0 41.7 7.4-17.8 10.9 
F 11 394-670 514.9 26.7- 61.0 40.3 8.8-16.6 12.8 
201-300 
M 15 160-650 308,4 20.5- 67.8 45.7 2.9-16.4 7.2 
F 12 160-758 355.8 19.8-111.0 51.4 2.7-14.6 7.2 
July 
26.0 16.3 099-100 1 424.0 
101-200 52 142-654 394,9 15.7- 57.5 32.6 5.0-37.3 13.2 
201-300 15 200-550 327.6 21.9- 68.0 34.3 5.3-25.1 10.4 
301-400 1 602.0 24.0 25.1 
Combined 69 142-654 383.7 15.7- 68.0 32.7 5.0-37.3 12.8 
101-200 
M 27 142-654 346.9 15.7- 45.2 32.7 5.0-29.1 11.5 
F 25 206-642 446.7 17.2- 57.2 32.4 6.1-37.3 15.0 
201-300 
M 9 200-462 301.3 22.5- 52.0 32.2 6.2-17.7 9.9 
F 6 210-550 367.0 21,9- 68.0 37.5 5.3-25.1 11.3 
Table 2 (a6) (Continued) 
Standard 
length lîNA-P DNA-P RNA-P/DNA-P 
Date (mm) No« Range Average Range Average Range Average 
1970 
August 
041-100 1 356.0 100.0 3.6 
101-200 33 222-724 438.1 15.0- 42.5 29.9 6.5-33.6 15.7 
201-300 7 234-492 349.7 20.5- 37.5 29.1 7.3-22.0 12.7 
Combined 41 222-724 421.0 15.0-100.0 31.5 3.6-33.6 14.9 
101-200 
M 9 232-688 466.9 19.2- 42.5 29.6 8.4-33.6 16.6 
F 22 222-724 421.5 15.0- 42.5 29.4 6.5-31.3 15.5 
201-300 
362.8 M 5 240-492 20.5- 37.5 30.3 7.3-22.0 13.0 
F 2 234-400 317.0 22.7- 29.5 26.1 10.3-13.6 12.0 
040-100 6 316-760 499.0 95.0-219.0 149.0 2.0- 6.7 3.8 
101-200 14 340-896 448.1 16.4- 53.5 34.5 8.1-26.6 13.9 
201-300 1 408.0 25.4 
2.0-26.6 
16.1 
Combined 21 316-896 460.8 16.4-219.0 66.8 11.1 
101-200 
9.8-26.6 M 8 386-896 498.5 21.9- 48.6 35.3 14.7 
F 6 340-434 381.0 16.4- 53.5 ?3.5 8.1-20.7 13.0 
Table 2 (a6) (Continued) 
Standard 
length Bm-P DNA-P RNA-P/DNA-P 
Date (mm) No, Range Average Range Average Range Average 
1971 
April 
154-386 242.6 41.0 30.8 8.1 101-200 7 13.7- 5.4-11.2 
201-300 10 124-248 166.4 20.0- 32.2 2 5 . 3  4.8- 9.0 6.6 
Combined 17 124-386 197.8 13.7- 41.0 27.6 4.8-11.2 7.2 
201-300 
M 4 146-248 179.5 22.0- 32.2 26.5 4.8- 9.0 6.9 
F 5 124-222 163.6 20.0- 32.2 24.4 5.8- 7.8 6.7 
May 
232-416 101-200 2 324.0 27.4- 35.0 31.2 6.6-15.2 10.9 
201-300 5 150-340 241.2 21.2- 35.0 26.7 4.3-14.2 9.4 
Combined 7 150-416 264.9 21.2- 35.0 28.0 4.3-15.2 9.8 
201-300 
4.3-14.2 M 3 150-340 254.0 24.0- 35.0 29.3 9.3 
F 2 180-264 222.0 21.2- 24.6 22.9 8.5-10.7 9.6 
June 
101-200 1 370.0 19.5 
4.8-14.4 
19.0 
201-300 10 112-288 193.4 17.8- 37.7 25.3 8.2 
Combined 11 112-370 209.5 17.8- 37.7 24.8 4.8-19.0 9.2 
201-300 
4.8-14.4 8.4 M 8 112-288 191.8 17.8- 37.7 24.5 
F 2 190-210 200.0 24.0- 33.5 28.8 5.7- 8.8 7.3 
Table 2 (a6) (Continued) 
Standard 
length lîNA-P DNA-P RNA-P/DNA-P 
Date (nim) No. Range Average Range Average Range Average 
1971 
July 
062-100 11 380-71:2 564.4 22.6- 92.0 57.5 4.5-35.8 12.3 
101-200 14 160-320 248.1 18.6- 36.4 26.7 7.1-12.8 9.4 
201-300 4 206-260 224.5 17.1- 37.5 30.5 5.5-15.2 8.4 
Combined 29 206-712 364.8 17.1- 92.0 38.9 4.5-35.8 10.4 
101-200 
M 5 208-292 233.6 20.5- 31.5 25.2 8.1-10.2 9.3 
F 9 160-320 256.2 18.6- 36.4 27.6 7.1-12.8 9.4 
201-300 
M 2 224-260 242.0 17.1- 37.6 27.4 6.0-15.2 10.6 
F 2 206-208 207.0 29.5- 37.6 33.6 5.5- 7.0 6.3 
August 
422-680 544.8 086-100 5 27.3- 70.0 55.5 6.1-15.5 10.7 
101-200 14 230-530 324.1 23.2- 48.0 34.5 4.8-16.5 9.7 
201-300 4 136-206 177.0 14.4- 30.8 23.3 6.2- 9.4 7.9 
Combined 23 136-680 346.5 14.4- 70.0 37.1 4.8-16.5 9.6 
101 -200 
M 4 230-448 340.5 29.5- 37.8 33.6 6.1-12.2 10.3 
F 7 234-530 348.0 27.4- 46.5 35.1 6.7-16.5 10.9 
201-300 
M 1 136.0 14.4 9.4 
F 3 176-206 190.6 
1 0 
CVJ (M 30.8 26.3 6.2- 8.0 7.4 
Table 2 (a6) (Continued) 
Standard 
length mA-P DNA-P RNA-P/DNA-P 
Date (mm) No. Range Average Range Average Range Average 
1971 
September 
064-100 474-532 5.8-17.2 2 503.0 27.5- 91.0 59.3 11.5 
101-200 12 212-503 324.5 27.5- 44.6 35.3 4.8-12.7 9.2 
201-300 8 184-230 198.1 16.5- 37.8 26.8 4.9-13.9 7.3 
Combined 22 184-532 294.8 16.5- 91.0 34.4 4.8-17.2 8.7 
101-200 
M 1 226.0 28.9 7.8 
F 5 212-266 236.4 27.5- 44.0 32.5 4.8- 8.9 7.5 
201-300 
M 4 184-226 198.5 24.0- 33.5 28.1 5.6- 8.3 7.2 
F 4 184-230 197.8 16.5- 37.8 25.6 4.9-13.9 7.5 
October 
101-200 4 176-216 196.0 27.5- 41.1 33.9 4.3- 7.9 6.1 
201-300 9 160-212 188.0 20.0- 44.5 31.3 4.5- 8.5 6.3 
Combined 13 160-216 190.0 20.0- 44.5 32.1 4.3- 8.5 6.2 
101-200 
M 2 176-216 196.0 27.5- 41.1 34.3 4.3- 7.9 6.1 
F 2 192-200 196.0 28.6- 38.4 33.5 5.0- 7.0 6.0 
201-300 
M 4 170-212 191.0 20.0- 34.3 26.9 6.2- 8.5 7.4 
F 5 160-204 185.6 27.5- 44.5 34.8 4.5- 6.3 5.4 
Table 3 (al). Starvation of carpsuckers from Des Moines River; first date is the 
date of collection from the river prior to starvation 
Date Species 
Standard 
; Sex length (mm) RNA-P DNA-P RNA-P/DNA-P Average 
1971 
June 24 
HPg Undetermined 218 208 24.7 8.421 13.7 
RC^  Undet ermi ne d 180 370 19.5 18.974 
July 3 
85 354 QB° Undetermined 30.7 11.530 13.7 
RC F 98 580 35.0 16.571 
HP F 157 428 37.0 11.567 
HF F 168 442 29.5 14.983 
July 15 
67 698 13.960 RC Undetermined 50.0 12.0 
QB Undetermined 144 300 28.8 10.416 
RC F 172 560 30.1 18.604 
RC M 256 144 29.5 4.881 
July 27 
64.5 4.961 QB F 123 320 6.2 
RC F 138 306 35.0 8.742 
RC F 162 170 27.4 6.204 
HF M 192 154 31.5 4.988 
H^ighfin carpsucker. 
R^iver carpsucker. 
Q^uillback carpsucker. 
Table 3 (al) (Continued) 
Date Species Sex 
Standard 
length (mm) RNA -P 
1971 
July 29 
August 9 
August 19 
September 1 
RC F 161 232 
HP M 212 214 
RC Undetermined 57 410 
RC Undetermined 77 236 
RC F 132 242 
QB F 218 160 
QB F 87 260 
HF F 203 206 
RC Undetermined 76 364 
RC F l4l 480 
RC F 146 484 
RC F 170 408 
DNA-P RNA P/DNA-P Average 
38.5 6.025 5.7 
39.7 5.390 
177.0 2.316 4.7 
28.1 8.398 
46.0 5.260 
57.5 2.782 
160.0 1.625 2.2 
56.0 3.678 
120.0 3.033 9.1 
41.1 11.678 
38.4 12.604 
45.3 9.006 
Table 3 (a2). Starvation of carpsuckers from Skunk Riverj first date is the date of 
collection from the river prior to starvation 
Date Species Sex 
Standard 
length (mm) RNA-P DNA-P RNA-P/DNA-P Average 
1971 
June 3 
HF M 178 316 23.4 13.504 16.3 
HP F 179 646 30.7 21.042 
HF F 193 356 28.8 12.361 
HF F 194 362 27.5 13.163 
HP F 197 520 24.0 21.666 
QB M 205 360 30.0 12.000 
HP F 224 408 19.9 20.502 
June 7 
12.640 QB Undetermined 115 450 35.6 13.6 
HF M 169 340 32.2 10.559 
HF M 198 278 22.0 12.636 
RC P 228 510 27.5 18.545 
June 12 
HF M 174 554 33.6 16.488 15.0 
HF M 192 520 32.8 15.853 
HP M 208 266 21.2 12.547 
June 22 
HP M 156 540 24.7 21.862 15.2 
HP F 190 250 21.6 11.574 
HF M 207 310 25.4 12.204 
July 2 
HF F 177 494 25.4 19.448 13.9 
HP M 183 200 17.1 11.695 
August 9 
QB P 167 236 116.0 2.034 2.0 
74 
Table 4. Frequency chart of RNA/DNA ratios of carpsuckers 
collected In Des Moines and Skunk rivers 1970, 1971 
RNA/DNA No. of fish 
2.0 - 2.9 5 
3.0 - 3.9 8 
4.0 - 4.9 19 
5.0 - 5.9 32 
6.0 - 6.9 57 
7.0 - 7.9 66 
8.0 - 8.9 61 
9.0 - 9.9 65 
10.0 - 10.9 47 
11.0 - 11.9 40 
12.0 - 12.9 38 
13.0 - 13.9 34 
14.0 - 14.9 29 
15.0 - 15.9 31 
l6.0 - 16.9 19 
17.0 - 17.9 14 
18.0 - 18.9 12 
19.0 - 19.9 13 
20.0 - 20.9 12 
21.0 - 21.9 9 
>22.0 36 
